


Methods for Eliciting Procedural Knowledge (Tables)�


The methodologies below were compiled by Cannon-Bowers, & Blickensderfer (1993) in cooperation with NATO Defense Group 


Interviewing�(Method for Eliciting Procedural Knowledge)�
�



Note: Includes Backward Thinking, Concept Mapping, Constrained Processing, Free Generation, Decision Rule Elicitation, Picture Probes, Structured Interviews and Teachback�
�



Description�
Variation of basic interview. Includes working backwards through the problem, drawing a concept map, expert solving problem in limited time period, showing expert photographs depicting system in a number of states and asking questions, expert describing procedure to interviewer and interviewer teaching it back to expert�
�
Type of Representation�
Rules; Concept maps (schematic representation of relationships among the task components); Goal Hierarchy.�
�
Subprocess in Decision Making/ Application�
Knowledge Structures: concepts/ �
�
Knowledge Type/Nature�
Procedural/Direct�
�
Strengths�
Could use to validate rules acquired from protocol analysis. Method requires little training time for both interviewer and expert. Method considered highly effective by domain expert (Thorden & Klein, 1991). Leads to identification of insights, decision elements, beliefs and information requirements (McNeese & Zaff, 1991)�
�
Limitations�
Requires knowledge engineer trained in interviewing, other general problems associated with interviewing, expert must be comfortable with thinking backwards (Converse & Kahler, 1992). Interview is highly time consuming, may not elicit certain aspects of the domain �
�
Other Sources�
Andrus (1988); McNeese & Zaff (1991); Woodward (1990); Chignell & Peterson (1988); Graessar & Gordon (1991); Barnard, Wilson & MacLean (1986); Shadbolt & Burton (1989); Bainbridge (1979); see also Coury (1977); Johnson & Johnson (1997)�
�



Discourse Analysis (Observation)�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert helps user, conversation transcript analyzed for tasks and subtasks. Data converted into taxonomy.�
�
Type of Representation�
Taxonomy of tasks/subtasks or functions. �
�
Subprocess in Decision Making/Application�
Knowledge Structures: goals, concepts/categories, rules, relationships. �
�
Knowledge Type/Nature�
Procedural and Declarative/Direct�
�
Strengths�
 �
�
Limitations�
Requires intercoder reliability; time consuming; subjects must consent to auditory taping; experts may be unable to articulate problem solving expertise if domain task and goals are not well defined (Belkin & Brooks, 1988) �
�
Sources�
Belkin & Brooks (1988) �
�



IDEF Modeling�(Method for Eliciting Procedural Knowledge)�
�



Description�
Structured Analysis Tool; Expert interviewed. Interview team creates functional decomposition diagram. Expert validates.�
�
Type of Representation�
IDEF Model. A highly structured syntax which facilitates functional decomposition. IDEF Model provides a systems perspective and thus contributes to the identification of information required.�
�
Subprocess in Decision Making/Application�
Knowledge structures: concept/categories, relationships, and schema. Processes: assess/understand and evaluate �
�
Knowledge Type/Nature�
Procedural (functional decomposition of processing stages). Declarative (identification of inputs, outputs, constraints, and processing mechanisms); /Direct�
�
Strengths�
Successfully represents a functional decomposition of the expert's task. �
�
Limitations�
Diagram may be visually complex. Diagram cannot capture all dynamic aspects of the task. Structure of IDEF model induces expert to represent tasks in ways incompatible with his/her conceptual understanding of the task. IDEF structure ambiguous: distinctions among components not clear cut. Interpretation requires knowledge engineer trained in IDEF modeling (McNeese & Zaff, 1991)�
�
Sources�
(McNeese & Zaff, (1991)�
�



Model-Based Reasoning (Software)�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert or knowledge engineer uses software packages to create a schematic diagram of the domain. Data collected includes characteristics of the system's main components and connections among components.�
�
Type of Representation�
Schematic Diagram �
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, relationship, schema. �
�
Knowledge Type/Nature�
Procedural (control sequence of each object, control of overall system). Declarative (information about behaviors of each object within the domain/ Direct �
�
Strengths�
Model based reasoning advantages: Single model available for use by several analysis packages. Systems and components can be viewed from different perspectives. �
�
Limitations�
Requires PLEXSYS software, requires computer hardware to suit PLEXSYS software (Converse & Kahler, 1992) �
�
Sources�
Hashemi (1990)�
�



Observation (Induction)�(Method for Eliciting Procedural Knowledge)�
�



Description�
Knowledge engineer observes expert perform the task (expert does not talk aloud). Observation used to identify underlying rules of task performance. Rules added to conceptual graph as goal/rule structure.�
�
Type of Representation�
Goal and Rule Structure (Conceptual Graph) �
�
Subprocess in Decision Making/Application�
Knowledge structures: goals, relationships, rules and schema. Working memory: schema, mental models, perceived situation. Processes monitored: sense, assess/understand evaluate and act�
�
Knowledge Type/Nature�
Procedural / Indirect�
�
Strengths�
 �
�
Limitations�
Complex implicit knowledge may not be perceived with inductive analysis (Gordon, Schmierer & Gill, 1993)�
�
Sources�
Gordon, Schmierer & Gill (1993)�
�



Petri Nets�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert interviewed. Expert converts flow chart into a Petri net. Data collected includes states and transitions (nodes and branches), constraints and conditions on sequence of transitions, tokens (information, data, conditions) passed from state to state. Helps to analyze the dynamic behavior�
�
Type of Representation�
A functional task net describes step by step how a task is executed, including the interaction among team members, schematics of procedural steps, verbal lists of procedural steps, rules (inductive) underlying task performance, and creation of a goal rule conceptual graph. �
�
Subprocess in Decision Making/Application�
Knowledge structures: schemas, rules, goals, concepts/categories, relationships, strategies�
�
Knowledge Type/Nature�
Procedural / Direct�
�
Strengths�
Models can be verified by comparing teams and validated by comparing other net configurations (Coovert, Cannon-Bowers, & Salas, 1990); Petri nets can model a system in a hierarchical manner and represent relationships between processes in the system (Hura, 1987)�
�
Limitations�
 �
�
Sources�
Coovert, Cannon-Bowers & Salas (1990); Hura (1987); Weingaertiner & Lewis (1988) �
�



Protocol Analysis/Analysis of Familiar Tasks/Static Stimulation�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert works through a problem. Expert "thinks aloud" and explains reasoning for decisions made. Behavior (verbal and nonverbal) is recorded. Data is converted to a set of productions that transforms one solution state to the next. �
�
Type of Representation�
Production System Rules �
�
Subprocess in Decision Making/Application�
Knowledge structures: rules, schema, strategies, relationships. Working memory: mental model, perceived situation. Processes: search/reason, evaluate and act�
�
Knowledge Type/Nature�
Factual propositions (Declarative); Procedural propositions (Procedural) �
�
Strengths�
The main purpose of protocol analysis is to identify structures and patterns rather than simply to look at contents (Byrne, 1983; Evans, 1988). Includes more than experts are able to explicitly describe during a problem solving situation. Permits interference of knowledge that experts use but that experts do not verbalize and may not be aware of. �
�
Limitations�
Requires knowledge engineer trained in verbal reporting and protocol analysis, other problems associated with verbal protocols (Converse & Kahler, 1992) �
�
Sources�
Gammock & Young (1985); Shadbolt & Burton (1989); Andrus (1988); Visser & Morals (1991); Hoffman (1989); Bainbridge (1979). See also Leplat & Bisseret (1965); Duncan & Shepard (1975)�
�



Questionnaire�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert performs task. Expert completes questionnaire on behaviors performed �
�
Type of Representation�
Behavior description: (1) Sequence of task actions, (2) Cause and effect relationships�
�
Subprocess in Decision Making/Application�
Knowledge structures: rules, schema, relationships, strategies Processes: evaluate�
�
Knowledge Type/Nature�
Procedural / Direct �
�
Strengths�
 �
�
Limitations�
Questionnaire may not be able to identify all situations, requires knowledge trained in survey design, other problems associated with questionnaires (Converse & Kahler (1992) �
�
Other Sources�
Bainbridge (1979)�
�



Schema Based Knowledge Elicitation (Software)�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert draws a time-event diagram of an activity that describes how the activity is accomplished, and thus creates a template representing a class of situations. Data collected includes participants, events, and relationships between events.�
�
Type of Representation�
Schema Template for a group of similar activities, formatted in Pascal data records, used by situation assessment inference systems�
�
Subprocess in Decision Making/Application�
Knowledge structures: goals, rules, relationships, strategies; Processes: assess/understand, evaluate.Working memory: mental model, perceived situation.�
�
Knowledge Type/Nature�
Procedural / Direct�
�
Strengths�
Schema based knowledge elicitation procedures help an expert communicate his/her schemata to a computer. These schemata are represented as data structures for knowledge based expert systems that infer the meaning of situations from a pattern of observations. Schema represent knowledge in a flexible way and reflect human tolerance for vagueness, imprecision, and quasi-inconsistencies (Rumelhart & Ortony , 1977 cf Noble, 1989).�
�
Limitations�
Experts are uncertain how to partition activity into events. Experts are uncomfortable creating single templates for several contexts. Experts with different situation assessment specialties represent different aspects of same data. Requires project planning software and specific hardware (Noble, 1989). Method based on assumption that knowledge is organized as schemas. Not all types of knowledge are required for situation assessment represented by project planning software (Noble, 1989).�
�
Sources�
Noble (1989), Rumelhart & Ortony , (1977 cf Noble, 1989)�
�



Task Action Mapping�(Method for Eliciting Procedural Knowledge)�
�



Description�
Expert identifies goals, subgoals, and actions needed to complete each task element of a decision flow diagram. Decision flow diagram is then translated into a rule-based representation with each goal and subgoal broken into an action sequence.�
�
Type of Representation�
Decision flow diagram is translated into more rule-based representation goals and subgoals decomposed into action sequences. Purpose of action sequence is to provide a procedural description of system specific actions required to accomplish the task.�
�
Subprocess in Decision Making/Application�
Knowledge structures: rules, schema, goals, strategies; Processes: understand,�
�
Knowledge Type/Nature�
Procedural (familiar rule-based situations); Strategic (novel, knowledge-based situations)/Direct�
�
Strengths�
Action sequences provide the level of detail necessary to specify the interactions that must occur at the system level for the user's tasks to be accomplished. �
�
Limitations�
Requires knowledge engineer to be trained in creating task action mappings (Converse & Kahler, 1992) �
�
Other Sources�
Coury, Motte, & Selford (1991)�
�
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